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ABSTRACT
The primary objective of this effort was to characterize
the GPS performance of a smartphone at high altitudes.
Due to International Traffic in Arms Regulations (ITAR)
restrictions in the United States, very little GPS data
above 60,000 ft (18.3 km) is openly available. Tethered to
a high altitude weather balloon, a Google Nexus S cell
phone was taken to high altitudes while logging GPS data.
It successfully recorded GPS navigation data throughout
the majority of the flight including above the 60,000 ft
threshold as it ascended to a peak altitude of 102,300 ft
(31.2 km). Design decisions, trade studies, and system
testing of the balloon mission were undertaken in the
months leading up to flight. Throughout its flight, the cell
phone logged many parameters including altitude,
position, positional accuracy, and velocity in the WGS-84
Geoid surface plane. Analysis of the payload’s positional
accuracy related to the horizontal speed, altitude, and
vertical speed was performed on both the ascent and
descent profiles. Examination of this data revealed a gap
in the data shortly after the balloon burst during freefall.
For a comparison baseline, a mathematical model was
developed to predict the payload’s altitude and vertical
speed during descent. Contrasting this model with the
GPS data during descent showed that the GPS position fix

was first lost and then regained at a vertical speed of
around 25 m/s. The large vertical velocity was postulated
to be the main driver in the positional accuracy error since
there was no noticeable trend between positional accuracy
and altitude or horizontal speed.
INTRODUCTION
Part 121, Category 15 of the International Traffic in Arms
Regulation (ITAR) currently prohibits GPS receivers in
commercial products from producing navigation data
above 60,000 ft (18.3 km) while traveling at speeds
greater than 1,000 knots (1852 km/h) [1]. However, many
commercial products with GPS capability restrict
operation while operating above 60,000 ft regardless of
speed in the interest of saving complexity in coding and
ultimately cost. As a result, little is known about the
performance characteristics or even the feasibility of
using commercially available portable GPS devices, such
as cell phones, for high altitude applications. To test such
capabilities, a stratospheric weather balloon experiment
was proposed to carry an off-the-shelf Google Nexus S
Android cell phone to high altitudes. This phone was
equipped with a Broadcom Corporation GPS receiver
which was loaded with a software version that enforces
the full altitude and velocity constraint. This allowed for
the device to function at high altitudes while still meeting
all necessary legal requirements. Data was gathered using
existing Android applications to track the balloon in realtime over the course of its flight as well as log flight data
such as position, altitude, heading, speed, and positional
accuracy. The maximum expected altitude of the
experiment was approximately 100,000 ft (30.5 km).
Other capabilities of the cell phone were utilized during
the experiment to characterize not only the flight path but
also the flight dynamics of the mission. The real-time
GPS localization functioned only while the cell phone
was within range of cell towers which allowed the user to
track the phone over the Internet. Thus, a data logging
Android application was used to record GPS data while
out of communication range. In addition, similar on-board
data logging applications were used to record data from
the cell phone’s inertial measurement unit. This gave a
sense of the payload’s short term accelerations due to
wind gusts and other disturbances as well as its attitude
throughout the flight. Other instrumentation on the flight
included a Canon A480 digital camera which was
programmed to take pictures of the Earth’s horizon at
regular intervals.
CELL PHONE HARDWARE AND SOFTWARE
This section describes the cell phone hardware and
software used to achieve the mission objectives outlined
in the introduction.

Hardware
A commercially available Google Nexus S smartphone by
Samsung (shown in Figure 1) was used for this balloon
mission. This smartphone was responsible for sensing,
recording, and transmitting telemetry during the flight.
The telemetry included GPS location in 3D space,
accelerations in three axes, as well as the power system
status. The phone’s physical hardware was used in its
stock configuration. The phone was oriented in the
payload enclosure such that the touchscreen was facing up
and the battery was facing down. This orientation was
chosen in order to allow for a chemical heat pack to be
placed underneath the phone such that the lithium ion
battery could be adequately heated to counteract the
below freezing temperatures experience at high altitudes.
The payload configuration is shown in Figure 2.

Figure 1: Google Nexus S Smartphone by Samsung [2]

Figure 2: Payload configuration
The system was housed in an expanded polystyrene shell
with a varying wall thickness of at least ½ inch. The
housing was 8 inches tall, 5 inches wide, and 5 inches
deep. The shell consisted of two form fitting pieces split
down the center allowing for easy access to the interior
and a tight fit of mounted electronic equipment. The
payload components, consisting of the phone, camera, and
heater packs, were secured in place via a press fit design

and adhesive tape (gaffer tape). The camera was oriented
such that the lens was facing outward and pointed toward
the horizon. A circular port was cut in one side of the
polystyrene shell to act as a viewport for the camera. A
circular Borofloat® glass lens was cleaned and placed
over the hole to add insulating properties while still
providing an unobstructed view for the camera. This lens
is capable of withstanding extreme thermal shock while
maintaining high optical clarity and is also scratchresistance.
Though dependent on daily weather patterns, the
minimum temperature the payload was expected to
experience was approximately -50oC between the
altitudes of 10 km and 20 km (refer to Figure 3). Though
the temperature increases to -40oC near burst altitude
(approximately 30 km), the temperature is still at a
critically low value where it could negatively effect the
performance of the phone and camera batteries. Both the
cell phone and camera ran on lithium ion batteries, which
have a minimum operational temperature of
approximately -20oC. In addition, due to a decreased
ascent rate as a result of a thinning atmosphere, the
balloon and payload would be exposed to these extreme
temperatures for a significant portion of the flight. To
mitigate these extreme temperatures, two HotHands®
hand warmers were placed inside the package to allow for
temperature control at altitude. These packages consist of
a mixture of iron powder, salt, water, vermiculite, and
carbon that are activated by exposure to oxygen. During
the exothermic reaction, the mixture reaches temperatures
of approximately 60oC for up to eight hours. Finally,
additional foam padding was cut to fit in order to provide
additional padding, shock absorption, and insulation.

The technical specifications for the Google Nexus S
smartphone by Samsung can be found online [2]. The
relevant features and specifications are summarized in
Table 1 for reference.

Table 1: Google Nexus S technical specifications [2]
Software
The operating system used for this mission was a stable
build of CyanogenMod 7 (CM7) for Nexus S phones.
CM7 is a free, third-party, aftermarket operating system
that is based on the Google Android 2.3 operating system.
CM7 was used for the operating system because when the
phone was first received from Broadcom Corporation, it
had limited software capabilities that would not allow
easy testing and installation of Android applications.
Several applications that are commercially available were
loaded onto the phone in order to obtain flight telemetry
and for in-flight communications. These applications are
listed and briefly described in this section. All of the
applications listed here can be obtained through the stock
Android Market application:

Figure 3: Temperature as a function of altitude [3]
Cell Phone Technical Specifications

MyTracks – Used for high-resolution GPS logging. This
application was used to log GPS location data in 3D and
allowed for later retrieval of the logged information via a
direct USB connection to a computer. The application
outputs the GPS data in many formats including a Google

Earth file (.kml) as well as a comma separated value
(.csv) format.
Instamapper – Used for low-resolution GPS logging and
real-time position updates. This program uploads the
phone’s GPS coordinates to an online website where realtime tracking can be performed. This capability is limited
to periods where the phone is in cell tower range and has
data coverage for Internet access. This application can be
set to update at specified time intervals and can log up to
100 data points if the data connection is lost. A data
acquisition rate of 120 seconds was used for the mission.
WheresMyDroid – Used for SMS tracking of the phone.
This application was used to find where the payload had
landed once it was back within cell coverage. It is
activated by texting the phone the letters ‘GPS’; in turn, it
replies with the phone’s current GPS coordinates. Since
only cell coverage was necessary for this application to
work, whereas Instamapper requires a data connection, it
added a level of redundancy to the tracking system.
CurrentWidget – Used to log battery percentage with
corresponding time stamp and lists all current processes
and applications that are running at the time of data
acquisition.
AccDataRec – Used to log accelerometer data in body X,
Y, and Z axes at user defined rates. For the balloon
mission, a data acquisition rate of approximately 20 Hz
was chosen to balance battery usage and data resolution.
ScreenFilter – Allowed for software controlled dimming
of the touchscreen brightness in order to minimize battery
usage if the phone was accidentally jostled in flight such
that the touchscreen was triggered.
In addition to the commercially available suite of
applications used, a proprietary program from Broadcom
Corporation was used to capture and log high-resolution
data from the GPS receiver. The logged GPS information
was later reported back to Broadcom Corporation for
analysis. Key telemetry measurements such as maximum
altitude and direction of travel were cross-checked
between the commercially available GPS Android
applications and Broadcom Corporation’s proprietary
software.
TESTING & INTEGRATION
This section describes the efforts to ensure the balloon
and payload system functioned properly for the entirety of
its flight. Each subsystem test is outlined and all scenarios
explored will be explained.

Hardware
The hardware tests performed were focused primarily on
power consumption and payload impact survivability. As
such, battery life and battery efficiency at low
temperatures were evaluated. In addition, parachute
deployment reliability and payload configuration and
padding were verified via drop testing.
To ensure that the phone battery could withstand the
rigors of the harsh high altitude environment while
running all of the necessary applications, three tests were
performed. The first test assessed baseline battery life at
room temperature, the second simulated battery life at
cold temperatures, and the third simulated the phone
alternating in and out of cell coverage which was
presumed to be a major drain on the battery. For each test,
the phone was charged to 100% battery capacity. Upon
removal from its charging station, all applications
required for flight were engaged for each trial run.
The baseline battery test was performed at room
temperature (approximately 22o C) in an area of good and
constant cell and data coverage. With all necessary
applications running, it took 12 hours to deplete the
battery from an initial charge of 94% to a final charge of
1%. This was repeated for reliability of data. The cold
temperature trial was conducted similarly to the baseline
test; however, in this case the phone was placed in a
household freezer which is typically in the range of -18oC.
At this temperature, there was not a considerable drop in
battery efficiency, though the battery did last for a lesser
time in this case. The third test concerned the battery
performance while going in and out of cell coverage, a
scenario where the phone keeps attempting to acquire
signal. This scenario may potentially place a lot of stress
on the battery. After some time of being out of service,
phones are programmed to ping the network less
frequently in order to reduce the load on the battery. To
test this battery drain, the phone was placed in a room
temperature environment for ten minutes in coverage then
wrapped in aluminum foil to block the signal for three
minutes. This process was cycled until the battery was
depleted. While encased in the foil, the phone was called
to ensure it was not available. This was an extreme, worst
case scenario and was not expected to occur during the
flight. Instead, it was expected that the phone would be in
a period of coverage while ascending, out of coverage
while at high altitude, and then return to an area of
coverage upon descent. This test resulted in a battery life
of 8 hours and 54 minutes for this scenario and thus was
not problematic since the flight was expected to last in the
vicinity of 3 hours.
The second suite of tests was designed to determine the
survivability of the payload on its return. This involved
testing of parachute deployment as well as durability of

the package and effectiveness of equipment configuration
through drop testing. Package durability was tested via a
drop and inspection test. A simplified dynamic model
based on the forces of gravity and aerodynamic drag was
used to predict the descent rate of the payload. This, along
with an appropriately sized parachute in the model, gave
an impact velocity of approximately 5.18 m/s. This
velocity can also be achieved by dropping the payload
from a height of 1.37 m without a parachute. Thus, to test
the structural integrity of the payload, the container was
dropped at 150% of this height from all possible angles
and then inspected to ensure there would be no issues
upon impact. Parachute reliability was also tested via a
proof of concept test. A ballast mass of similar weight and
size to the payload, along with a single raw egg, was
attached to the parachute and dropped from a height of 14
meters to ensure terminal velocity was reached. After
inspection, it was found that the package suffered no
significant damage, and that the raw egg was left
unscathed. It was then tested a final time with the actual
payload housing and all flight equipment. The test was
successful in that the payload housing survived and all
interior equipment continued to function as expected.

log the GPS navigation data throughout the flight for
download upon retrieval and does not allow for real-time
remote tracking of the device. This was tested in a very
similar way to the Instamapper application with the phone
being sent to a given location and in turn, recording the
correct path.
In addition to the cell phone, the Cannon A480 camera
also required specialized software for the flight. It was
desired that the camera take pictures intermittently
throughout the flight. Though the camera did not
originally contain intervalometer software, a solution was
found using the Canon Hack Development Kit (CHDK)
firmware, freeware that adds to the camera’s capability.
CHDK was used to write a script in a computer language
similar to BASIC which commanded the camera to take a
picture every 5 seconds. Due to battery life concerns, the
camera was programmed to begin taking pictures 15
minutes after launch to ensure that enough power would
remain to take pictures at maximum altitude. The shutter
speed was set to a short setting in order to combat
overexposure from Earth’s albedo at high altitudes.t
RESULTS

Software
The software applications selected to be used as trackers
on the Nexus S cell phone were those which were most
heavily tested. Instamapper, a free Android application,
uses GPS to intermittently track the location of a cell
phone over the Internet. If the phone has sufficient GPS
coverage, a location marker is created at specified time
intervals. The location of the phone is then uploaded via
an online server and overlaid on Google Maps for
tracking over the Internet by a registered user. This
application was tested by engaging it on the Nexus S and
taking it to a series of random locations. The remaining
team members had the online Instamapper application
running on a laptop and were then able to give the exact
location of the person with the phone off site. The result
of this proof of concept test was that the application was
repeatedly successful in giving a location which was
sufficiently precise for locating the balloon upon landing.
The second major software application to be tested was
WheresMyDroid. This application is activated by sending
the SMS ‘GPS’ to the smartphone. Upon reception, the
phone texts back its current GPS coordinates. This
application was also subject to a simple pass/fail test to
see if the phone is able to accurately send back its GPS
coordinates when prompted. The phone was placed in
several known location and sent the SMS prompt. This
method proved both reliable and accurate to the order of
feet.
The third critical application tested on the phone was an
application called MyTracks. This application was used to

In this section, the results obtained from the balloon
mission will be presented. Emphasis will be on the GPS
data and navigation aspects though other relevant data
recorded from the mission will be provided for
completeness.
Navigation Data
The balloon trajectory was recorded by the cell phone
throughout the mission on its internal flash memory. Two
independent data sets were recorded during the flight. The
first was recorded using an open source Android
application known as MyTracks. This application
streamlined the analysis of much of the data because it
can be easily imported into Google Earth, allowing for
efficient 3D trajectory visualization. The second data set
was recorded using a program developed by Broadcom
Corporation and was used specifically to monitor several
aspects of the navigation hardware and software relevant
to their product. This data will not be discussed here due
to its proprietary nature.
The relevant MyTracks data is shown in Figures 4 through
10. Figure 4 shows a simple 2D ground track plotted two
dimensionally using publicly available Google Maps.
This shows the groundtrack of the payload during its
flight. The deviation from this relatively straight path
represents the very high altitude region and the burst
altitude which occurred near Modesto, California. A color
variation plot of altitude vs. horizontal path, i.e. the full
3D trajectory, is given in Figure 5. This shows the rise
through the atmosphere and the inverse relationship

between horizontal speed and altitude. The full 3D
trajectory is shown in Figure 6 as visualized in Google
Earth.

Figure 4: Groundtrack of balloon trajectory

km, where atmospheric conditions are known to change
and a new layer of winds is encountered, the balloon
continues its ascent with a reduced horizontal velocity.
The balloon finally reaches its maximum altitude of
approximately 31.2 km (102,000 ft) where the balloon
finally bursts. During the initial portion of the descent
phase, there is a gap in the data where the GPS navigation
fix was lost. This can be easily seen in Figure 6. This
phenomenon was predicted by Broadcom Corporation and
is discussed later.
Shown in Figures 7 and 8 is the horizontal speed as a
function of altitude of the balloon during ascent and
descent, respectively. This speed was captured by the
MyTracks application, and was calculated by flattening
the GPS location points to the Earth's surface using the
standard spheroidal WGS-84 model. From these plots, it
can be seen that as the balloon gained altitude, it gained
speed relatively linearly up to an altitude of
approximately 10 km where it entered the stratosphere. At
this altitude, it is likely that the payload entered a
subtropical jet stream, significantly increasing its west-toeast horizontal speed. This increase in horizontal speed is
also evident in the Google Earth plot (Figure 6). As the
payload continued to ascend, it moved out of the jet
stream and entered the calmer portion of the stratosphere.
Here, its velocity decreased until an altitude of
approximately 20 km and remained relatively constant as
it climbed to the burst altitude of 31.2 km. The horizontal
speed on descent, shown in Figure 8, started slowly at
burst as expected and increased as the payload fell back
into the jet stream. The change is once again at an altitude
of 10 km, where the payload slowed as it entered the
thicker troposphere until it reached the ground. The
velocity profile during descent was very similar to the
profile during ascent.

Figure 5: Altitude profile of balloon flight

Figure 6: Trajectory plotted using Google Earth
These elements together tell the story of the balloon
flight. First, there is a fairly constant initial ascent rate
which is accompanied by prevailing winds from the
southwest. As the balloon ascends above an altitude of 20

Figure 7: Horizontal speed as a function of altitude
during the ascent phase

Figure 8: Horizontal speed as a function of altitude
during the descent phase

Figure 10: Horizontal position accuracy as a function
of altitude during the descent phase

Figures 9 and 10 show the horizontal position accuracy as
a function of altitude during the ascent and descent
phases, respectively. As a result of these inaccuracies in
position, the previously mentioned horizontal speed data
is somewhat unreliable as well. These inaccuracies can
show false changes in speed and can account for the
majority of the noise in the horizontal speed plots. In
addition, these plots give insight into the accuracy of the
GPS data above and below the 60,000 ft (18.3 km)
altitude threshold. On ascent, the position accuracy above
13 km is actually better in general than at lower altitudes
(refer to Figure 9). On descent, accuracy is initially very
poor, reaching a maximum of 50 meters. This also
corresponds to the portion of the flight where the GPS
navigation fix was lost and no data was recorded for a few
moments. After this gap, the position accuracy improves
as the payload’s vertical speed decreases to a lower value.
In general, on descent, the position accuracy was worse
above the 13 km mark compared to below.

Due to the low-cost and low-complexity of the mission by
design, a secondary method of navigation was not used
during the flight and thus there was no baseline for
comparison for the MyTracks data. As such, a simple
mathematical model was utilized in order to obtain such a
data set for the altitude and velocity of the payload as
functions of time during the descent phase of the flight.
The model assumes that the payload is acted upon by a
constant gravitational force as well as a drag force which
is proportional to the square of velocity. The drag model
assumes a constant cross-sectional area and coefficient of
drag during descent. Values for the atmospheric density
model were taken from the 1976 U.S. Standard
Atmosphere [4]. The free body diagram for this model is
given in Figure 11.

Figure 11: Free body diagram used in the derivation
of the equations of motion
The equations of motion determined from the free body
diagram in Figure 11 are derived as follows:

Figure 9: Horizontal position accuracy as a function of
altitude during the ascent phase

∑F = ma

(1)

FG − FD = ma

(2)

mg − 12 ρ C D Av2 = ma

(3)

Rearranging the above equation and noting that vertical
acceleration is the second derivative of height, namely h!! ,
we obtain the following:

1 C A
h!! = g − ρ D h! 2
2
m

(4)

where g is the gravitational constant equal to 9.81 m/s2,

ρ is the local atmospheric density, and C D A / m is the
inverse of the ballistic coefficient of the system.
The resulting equation represents a second order ordinary
differential equation which was solved numerically using
the MATLAB© ode45 function, a numerical method
based on an adaptive 4th/5th order Runge Kutta method.
The initial conditions which correspond to the burst point
of the balloon are defined as follows:

h(0) = max altitude
h!(0) = 0

Figure 13: Comparison plot of descent rate as a
function of time for the MyTracks data and
mathematical model

(5)

The mathematical model and the MyTracks data were
found to agree well with each other for the majority of the
descent. A comparison plot of altitude and descent rate is
given in Figures 12 and 13, respectively. There is,
however, a discrepancy between these plots during the
initial descent phase which can be seen in the magnified
section shown in Figure 14. Initially, the two paths
diverge because the navigation solution was momentarily
lost. Soon after, the position fix was regained and the two
plots agree with each other until payload touchdown. This
discontinuity in the MyTracks data appears to be an
indication that the GPS altitude was in error and the
mathematical model was in fact close to the actual
altitude since the GPS telemetry and modeled path
coincide once the GPS position fix was regained. GPS
positioning was re-established around 120 minutes into
the flight at a descent rate of 25 m/s. It should be noted
that the altitude appeared to have the greatest error when
the descent rate was largest.

Figure 12: Comparison plot of altitude as a function of
time for the MyTracks data and mathematical model

Figure 14: Comparison plot of altitude as a function of
time for the MyTracks data and mathematical model
at the burst point of the balloon
Accelerometer Data
To demonstrate another type of sensor data that can be
recorded from a smart phone device, the body fixed 3-axis
accelerometer was logged throughout the mission. This
was also done to gain insight into the types of
accelerations experienced by the payload throughout the
flight.
Figure 15 shows the orientation of the accelerometer and
their corresponding body fixed axes with respect to the
phone. Figure 16 represents the post processed flight
accelerometer data. The raw data was filtered for ease of
representation as it was simply too noisy on its own. A
detailed analysis will not be given here as it not the focus
of this paper, though a few key events will be highlighted.
Initially, there appears to be much acceleration acting on
the payload, though in reality, this region corresponds to
pre-launch re-orientation of the phone. Sudden jumps in
acceleration essentially represent the shift in the gravity
vector with respect to the phone axes. The 10 minute
mark represents the initial acceleration upon launch.

Afterward, the payload experienced turbulent air until 40
minutes into the flight, when the ambient conditions
began to calm. This likely corresponds to a region with an
active jet stream and a more tranquil stratosphere,
respectively. At approximately 120 minutes, the balloon
burst and is represented as a spike on the graph, followed
by the quicker and less smooth descent. The impact peak
is not shown here.

Figure 15: Body
accelerometer

fixed

frame

used

by

increased, this turned to a layer of ice which eventually
obstructed the viewport, making pictures after an altitude
of 20 km fairly difficult to post-process. This
condensation was likely due to the extreme temperature
difference between the interior and exterior of the payload
compartment. After a discussion with professionals, it
was recommended that the camera not have a protective
lens and simply be exposed to the external environment,
thus eliminating the condensation issue. This lens proved
invaluable in this case, however, as the payload ended up
landing in a lake and this certainly added to the
waterproofing of the payload, thus saving all internal
electronics. One of the clearer pictures taken during the
mission is given in Figure 17 and corresponds to an
altitude of approximately 60,000 ft (18.3 km).

3-axis

Figure 17:
Photo taken from an altitude of
approximately 60,000 ft (18.3 km)
CONCLUSION

Figure 16: Body fixed accelerations as a function of
mission elapsed time
Pictures from the Camera
The camera operated for the entirety of the flight and
functioned as expected. It took a photograph at each
desired time interval and continued operations until the
point of impact. After landing, the camera remained
online but ceased taking pictures. The camera functioned
well during flight, though it was discovered that the
chosen shutter speed was too long, resulting in the high
altitude pictures being over exposed from Earth’s albedo.
Post processing of these images proved fruitful as many
were able to be salvaged. Another problem experienced
during flight was icing of the protective lens placed over
the camera lens. At an altitude of approximately 60,000 ft
(18.3 km) the lens started to fog over. As altitude further

This project illustrates some of the capabilities of modern
smartphones in applications outside their original
intended use. These devices are designed to be extremely
durable and robust to survive the daily abuse inflicted
upon them by the average user. Their capabilities are also
growing and are approaching that of a fairly powerful
computer. This, coupled with a proliferation of free
software applications and open platforms, makes them
capable of performing sophisticated tasks.
The focus of this balloon mission has been on the GPS
capabilities of the Google Nexus S smartphone at
altitudes above 60,000 ft (18.3 km), a regime where it was
not designed to function. This portable device, along with
the existing cellular network infrastructure, served as a
viable replacement for what is typically accomplished by
specialized radio equipment and a network of amateur
radio specialists. At a technical level, the device
performed satisfactorily for the purposes of this mission.
The complete balloon trajectory was obtained and the
balloon was tracked to its final location via several

different Android applications. As predicted by the
manufacturer, Broadcom Corporation, the device only lost
its navigation fix when the balloon burst and the payload
was in freefall. The phone was able to quickly lock onto
its position in a matter of seconds, though the initially
high vertical speeds were problematic in maintaining a
lock. Thus, the system proved quite robust.
It appears that horizontal velocity and altitude did not
play a major role in the performance of this portable GPS
device. Instead, the smartphone was most sensitive to
speeds in the vertical direction. During both ascent and
descent, large horizontal speeds were encountered in
comparison to vertical ones and this did not appear to
have an affect on the position accuracy. During ascent,
where the vertical ascent rate was approximately constant,
a jump occurred in position accuracy. This jump in
position accuracy was likely due to the fact that it was
overcast during launch. Once above the cloud line, the
payload was in a clear view of the GPS satellites. During
the descent phase, the rate of vertical descent was
variable. Here, there appeared to be a relationship
between descent rate and position accuracy. Initially,
where descent rates were high, the position accuracy was
poor and the navigation solution was momentarily lost.
Once the parachute fully deployed and the payload was
sufficiently slowed by the atmosphere, the navigation
solution was regained at a descent rate of approximately
25 m/s and the position accuracy immediately increased.
Once the payload reached 10 km in altitude, the position
accuracy again increased. This corresponded to where the
descent rate leveled off and approached vertical rates
which were closer to those experienced during ascent.
Since there was no overcast weather upon landing, it
appeared that this altitude corresponded to the region in
the atmosphere where the parachute and air density was
sufficient to slow the payload to an adequate speed for
accurate GPS tracking. Furthermore, GPS positional
accuracy during ascent and descent follow conflicting
performance trends with respect to altitude. During ascent
the positional accuracy improves as altitude increases,
while positional accuracy decreases as altitude decreases
during descent. This incongruity suggests that altitude is
not a major player in the performance of this device.
In this instance, we utilized the GPS capabilities of the
phone though there are a wide array of sensors and
applications to exploit those sensors which can be used in
future missions or in other applications. Typically,
modern smartphones are equipped with 3-axis
accelerometers, 3-axis gyroscope, GPS receiver,
magnetometer, high definition video and image capture,
proximity sensors, ambient light sensors, and
microphones. Combined with inexpensive or free data
logging applications, there is much potential for what can
be accomplished with such devices. This has many
implications for their future of applications. In fact,

smartphones are being considered for commanding small
satellites in the near future. Groups such as NASA Ames
Research Center and Google are currently working on a
project which will utilize a Google Nexus S smartphone
as the central computer and spacecraft bus of a CubeSat
class satellite [5]. There is no telling what kind of
alternate applications these devices may have in the
future.
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